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Abstract of JP5275373 

PURPOSE:To form plated electrodes stably by 
preventing the stepped breaking of plating 
electrodes. CONSTITUTIONS first insulating 
film 13 composed of a silicon nitride film 15 
composed of polyimide are formed on ohmic 
electrodes 12. Then a second and first 
insulating films 15 and 13 are etched in order 



to form openings. After that, additional etching 
of the second insulating film 15 is performed to 
smooth the side walls. The plating electrode 
19 is formed on the whole surface, and an 
upper-layer electrode 21 is formed by 
electrolytic plating. 
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(54) [Title of the Invention] METHOD FOR MANUFACTURING COMPOUND 

SEMICONDUCTOR DEVICE 
(57) [Abstract] 

[Object] To form a plated electrode stably by preventing stepped breaking of a 

plated electrode. 

[Structure] A first insulating film (13) composed of a silicon nitride film and a 
second insulating film (15) composed of polyimide are formed over an ohmic electrode 
(12). The second insulating film (15) and the first insulating film (13) are provided 
with an opening in this order with a resist pattern, and then the second insulating film 
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(15) is etched additionally, thereby forming smooth sidewalls. A plated electrode (19) 
is formed on an entire surface, and an upper-layer electrode (21) is formed by an 
electrolytic plating method. 
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[Scope of Claims] 
[Claim 1] 

A method for manufacturing a compound semiconductor device characterized 
by comprising the steps of: 
5 forming an ohmic electrode over a semi-insulating substrate, forming a first 

insulating film composed of a silicon nitride film thereover, and forming a second 
insulating film thereover; 

forming a resist pattern over the second insulating film; 
providing an opening for the second insulating film with the resist pattern; 
10 providing an opening for the first insulating film in sequence; 

etching the second insulating film additionally so that the opening of the 
second insulating film becomes larger than the opening of the first insulating film; 

removing the resist pattern and forming a plated electrode over the ohmic 
electrode and the second insulating film; and 
15 forming an electrode over the ohmic electrode by electrolytic plating. 

[Claim 2] 

The method for manufacturing a compound semiconductor device according to 
Claim 1, characterized in that the second insulating film is a polyimide-based insulating 
film. 

20 [Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] The present invention relates to a 
compound semiconductor device, in particular, to a method for manufacturing a 
compound semiconductor device in which a defect due to electrolytic plating when 
25 forming an electrode can be prevented. 
[0002] 

[Conventional Art] Various field-effect transistors which include GaAs as an 

active layer are used as high-speed and high-frequency transistors because compound 
semiconductors such as GaAs have higher electron mobility than silicon by severalfold. 
30 Representatives are GaAs MESFETs (Schottky gate field-effect transistors) and the like. 
In the GaAs MESFET, to decrease a gate length directly affects the high speed quality 
and the high frequency characteristic, and therefore various technologies have been 
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developed in order to obtain a gate length of a submicron order. 
[0003] 

FIG 8 is a part of a pattern diagram of a conventional high-output GaAs 
MESFET. A reference numeral 1 denotes a drain electrode; a reference numeral 2 
5 denotes a source electrode; and a reference numeral 3 denotes a Ti/ Al gate electrode of 
a Schottky contact which controls electric current between the source electrode and the 
drain electrode. The source electrode 2 and the drain electrode 1 have a stacked 
structure in which an ohmic electrode layer composed of Au/ Ge/ Ni and the like for 
having an ohmic contact with a high-concentration N-type GaAs layer is formed, and 

10 then an upper-layer electrode layer is stacked over the ohmic electrode layer, for 
example, in such a manner that Ti/ Pt/ Au, and then Au are deposited thereover by 
electrolytic plating. In a high-output FET, as shown in the diagram, a number of 
source/drain electrodes in a stripe form are arranged alternately in a shape of a comb. 
In other words, a number of FETs are connected in series. 

15 [0004] 

In such a GaAs MESFET, the gate electrode (3) and the ohmic electrode are in 
direct contact with a surface of GaAs and these electrodes intersect each other. In 
view of this problem, the ohmic electrodes are scattered in an island-form and the 
scattered ohmic electrodes are electrically connected through an upper-layer electrode 

20 which is interlayer-insulated. With regard to a method for obtaining a gate length of a 
submicron order with light exposure technology, there is a method in which a silicon 
nitride film and oblique deposition are utilized, as disclosed in Japanese Patent 
Application No. H02-202024. If the both are employed, the silicon nitride film and an 
insulating film for interlayer insulation cover the ohmic contact, and the upper-layer 

25 electrode is formed after providing an opening in the two-layer film. 
[0005] 

This process is explained with reference to FIG 9 and FIG 10. First, with 
reference to FIG 9, an ohmic electrode (5) is formed on a surface of a GaAs substrate 
(4), and then a first insulating film (6) which is composed of a silicon nitride film and a 
30 second insulating film (7) for interlayer insulation cover the ohmic electrode (5). A 
resist pattern (8) is formed thereover, the second insulating film (7) is provided with an 
opening using a wet etchant, and then the first insulating film (6) is provided with an 
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opening by anisotropic dry etching. Next, with reference to FIG. 10, a plated electrode 
(9) is formed over an entire surface, a resist pattern is formed, and then an upper-layer 
electrode is selectively attached to an upper portion of the ohmic electrode (5) by an 
electrolytic plating method. 
5 [0006] 

[Problem to be Solved by the Invention] In the above process, however, the first 
insulating film (6) needs to be over-etched a little in order to absorb variation in the 
thickness of the first insulating film (6). Under such a condition, if a polyimide-based 
insulating film, which is easy to handle, or the like is used for the second insulating film 

10 (7), the opening of the first insulating film (6) is enlarged to be a little larger than the 
opening of the second insulating film (7) since selectivity with the silicon nitride film is 
excellent, and the second insulating film (7) is formed into an overhanging shape. 
Consequently, the plated electrode (9) is prone to stepped breaking due to the overhang, 
and broken electrodes and unbroken electrodes are scattered in a wafer. In an 

15 electrolytic plating process, plating is performed as electric power is fed according to an 
amount of metal to be attached. Therefore, if there are stepped breakings partially, the 
electric current concentrates in portions without stepped breakings, and the metal is 
excessively attached to these portions. Since no metal is attached to portions with 
stepped breakings, there was a shortcoming that all chips in the wafer, including the 

20 portions with metal attached excessively, ultimately became defective. 
[0007] 

[Means for Solving the Problem] The present invention was made in view of the above 
shortcoming, and provides a method for manufacturing a compound semiconductor 
device in which occurrence of defects in all the chips can be prevented by including a 
25 step of additional etching of a second insulating film (15) again after providing an 
opening for the second insulating film (15) and a first insulating film (13) with a resist 
pattern, whereby the opening of the second insulating film (15) is enlarged to be larger 
than the opening of the first insulating film (13). 
[0008] 

30 [Effect] According to the present invention, the opening of the second insulating film 
(15) is enlarged to be larger than that of the first insulating film (13) by additional 
etching, whereby the overhang of the second insulating film (15) disappears and 
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sidewalls can be formed into a tapered shape with smooth steps. 
[0009] 

[Embodiment] Hereinafter, a manufacturing method of the present invention is 
explained in detail with reference to FIG. 1 to FIG 7. With reference to FIG. 1, first, an 
5 ohmic electrode (12) for source or drain, which is composed of 2000-3000 A of AuGe/ 
Ni/ Au, is formed on an IST-type layer formed on a surface of a GaAs substrate (11), and 
the ohmic electrode (12) is made to have a ohmic contact with the GaAs layer by a 
heating process. Next, about 5000 A of silicon nitride (Si x N y ) film is deposited on an 
entire surface by a CVD method to form the first insulating film (13). And then, by 

10 oblique deposition, an opening is provided for the first insulating film (13), the GaAs 
substrate (1 1) is etched to have a recess, and a gate electrode (14) is formed. After that, 
a polyimide-based insulating film such as PIX (Hitachi Chemical) is coated on an entire 
surface by spinning-on and baked to form the second insulating film (15) with a 
thickness of 1-2 jj.. A resist pattern (16) having an opening over the ohmic electrode 

15 (12) is formed over the second insulating film (15) by an ordinary photolithography 
process. 
[0010] 

With reference to FIG. 2, an opening (17) is formed in the second insulating 
film (15) by etching the second insulating film (15) with the resist pattern (16). A wet 

20 method using an ethylenediamine + hydrazinehydride solution was used. With 
reference to FIG 3, an opening (18) is formed in the first insulating film (13) by etching 
the first insulating film (13) with the resist pattern (16) attached. An anisotropic 
etching method by RIE (reactive ion etching) was used. This etching is performed in 
such a manner that a pattern of the second insulating film (15), in which the opening 

25 was provided in the foregoing step, functions as a mask. Further, the polyimide of the 
second insulating film (15) has extremely high selectivity with respect to an etching gas 
of the silicon nitride film, and in the insulating film (12), about several % of lateral 
etching progresses even if it is anisotropic etching. Therefore, the opening (18) of the 
first insulating film (12) becomes larger than that of the second insulating film (15), 

30 whereby the sidewall of the second insulating film (15) sticks out to the opening to have 
an overhanging shape. 
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[0011] 

With reference to FIG. 4, again, the second insulating film (15) is etched 
additionally for several tens of seconds using an ethylenediamine + hydrazinehydride 
solution. The opening (17) of the second insulating film (15) is enlarged to be larger 
5 than that of the first insulating film (13) because the first insulating film (13) is not 
etched and only the sidewall of the second insulating film (15) is etched with the resist 
pattern (16). As a result, the first insulating film (13) and the second insulating film 
(15) have sidewalls in a smoothly tapered shape with steps. 
[0012] 

1 0 With reference to FIG. 5, after removing the resist pattern (16), Ti/ Pt/ Au layers 

are stacked in this order by an evaporation or sputtering method to form a 6000-8000 A 
of plated electrode (19) on an entire surface. The plated electrode (19) can be attached 
to the ohmic electrode (12) and the second insulating film (15) without breaking 
because the first and the second insulating films (13) and (15) have openings in a 

1 5 smoothly tapered shape. 
[0013] 

With reference to FIG. 6, a resist pattern (20) having an opening over the ohmic 
electrode (12) is formed over the plated electrode (19) by an ordinary photolithography 
process. Then, an upper-layer electrode (21) with a thickness of 2-3 |a composed of 
20 Au is formed over the exposed plated electrode (19) by electrolytic plating in which 
plating is performed as electrolysis (electric current) is applied to the plated electrode 
(12). 
[0014] 

With reference to FIG 7, after removing the resist pattern (20), Au, Pt, and Ti 
25 are etched in this order to remove an unnecessary portion of the plated electrode (19) by 
utilizing the plated upper-layer electrode (21) as a mask. This upper-layer electrode 
(21) electrically connects each ohmic electrode (12) for source or drain, which exists in 
a shape of a comb and is scattered as shown in FIG 8. Further, the upper-layer 
electrode (21) forms a bonding pad for external connection for gate/source/drain. 
30 [0015] 

The manufacturing method of the present invention described above can surely 
prevent the stepped breaking of the plated electrode (19) because the sidewalls of the 
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opening over the ohmic electrode (12) can be formed into a smooth shape by 
performing additional etching of the second insulating film (15). Accordingly, the 
upper-layer electrode (21) can be plated over the entire exposed plated electrode (19) 
which was exposed in an electrolytic plating process. 
5 [0016] 

[Effect of the Invention] As explained above, the present invention can prevent the 
stepped breaking of the plated electrode (19), and therefore has an advantage of forming 
the upper-layer electrode (21) uniformly in all the chips. Accordingly, the present 
invention has an advantage of manufacturing a GaAs MESFET which has a gate length 
10 of a submicron order and utilizes a silicon nitride film and oblique deposition, with ease 
and low cost, using a polyimide insulating film. 
[Brief Description of the Drawings] 

[FIG. 1] A first cross-sectional view for illustrating a manufacturing method of the 
present invention. 

15 [FIG. 2] A second cross-sectional view for illustrating a manufacturing method of the 
present invention. 

[FIG. 3] A third cross-sectional view for illustrating a manufacturing method of the 
present invention. 

[FIG 4] A fourth cross-sectional view for illustrating a manufacturing method of the 
20 present invention. 

[FIG. 5] A fifth cross-sectional view for illustrating a manufacturing method of the 
present invention. 

[FIG. 6] A sixth cross-sectional view for illustrating a manufacturing method of the 
present invention. 

25 [FIG 7] A seventh cross-sectional view for illustrating a manufacturing method of the 
present invention. 

[FIG. 8] A plan view showing an electrode pattern of a GaAs MESFET. 
[FIG 9] A first cross-sectional view for illustrating a conventional example. 
[FIG 10] A second cross-sectional view for illustrating a conventional example. 
3 0 [Explanation of Reference Numerals] 

11: GaAs substrate 12: ohmic electrode 13: first insulating film 15: second 
insulating film 19: plated electrode 2 1 : upper-layer electrode 
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